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ABSTRACT

This report covers the second interim phase of the contract to develop

an improved transmission line system for use in the ECM mast of a sub-

marine.

,During this period of the contract, a purchase order for the ALB-134

ridge waveguide was issued to Standard Metals Corporation for delivery by

the end of March. The splinatihe coaxial line on order from Precision

Tube Corporation was scheduled for delivery early in December, but

delivery has not yet been Made.

An "end fire" version of the ALB-134-to-coaxial transition previously

developed is being designed for use at the top of the mast where the

connection is made to the antenna.

The high band 50 ohm pressure window mock-up has been assembled

and tested. The maximum VSWR obtained over the high frequency band is

1. 40. A larger 70 ohm version of this window was built and tested for

use over the low band. Its maximum VSWR from 2. 0 to 5. 0 Gc/s was

1. 20. However, the high band mock-up was also tested over this range,

and its maximum VSWR was 1. 36. Therefore, the use of two separate

window designs to cover the two bands will be avoided by using the small

version over both frequency bands.
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ABSTRACT (cont.)

The fn-ovable rn-ast design approach has beent changed from-i the fixed,

two~position Schem~e to a cofitinuously operating systein useable over a six

foot range of elevation. Considerable mechanical design work is required

to accomnplish this, and preliminary work is underway.

Revisibn 2 of the Milestone/Cost Plan is included in the report. This

latest revisioni is a result of the change in scope of the movable mast

Approach, and it reflects the extra cost and time involved.
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PURPOSE OF THIS CONTRACT

The development program covered by this report is an emte nsion of

work completed at Airtron under Contract Number NObsr w 72809j Inrdex

Number NE-07 1200, sponsored by the EIectronics Divisions of the Bureau

of Ships. The above contract proved the feasibility of replacing the

coaxial cables used as transmission lines in. the 2, 3t tO 10. 75 -

frequency bands with low.loss, double ridged waveguide transmission

lines. The transmission line -ystem developed was installed in the ECM

mast of the U. S. S. Hardhead, and proved to be far superior in performance

to the standard coaxial cable transmission line system.

The present contract is concerned with developing an improved system

suitable for production, with emphasis on the following four areas:

I. Further reduction of insertion loss by at least I. 0 db as

a target figure.

2. Reduction in weight without impairing performance.

3. Ease of installation in the submarine.

4. Incorporate a provision which will permit the antenna to

be continuously operable from its uppermost elevated

position down to a position 6 feet below that level.

Page 3

Airtron, a division of Litton Industries



GENERAL FACTUAL DATA

1. Identification of Techn~icianis

This work is being carried on under t Ihe gen~eral supervision of

Dr. Erntest Wantuch, Airtron Vice-Presidenit and Director of

Engineering.

The following personnel perform~ed work on this contract in the

period covered by this report:

A. Edward S. Hensper ger Project Manager 240. 5
hours

B3. Walter D. Wagner - Electronics 279. 0
Engineer hours

C. Bernard Donnerstag - Mechanical Engineer 246. 0
hours

D. George Papczun - Mechanical Engineer 30. 0
,(Switches) hours

E. John Walsh - Engineering Product 20. 0
Manager (Switches) hours
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DETAIL FACTUAL DATA

1. Probeuemtetit o Lm34Ridged Waveguide

Sone difficulty was enxcountered inlocating a suitable vendor

fo the necessary amnount of ALI w1 34 waveguide. As a result,

the purchase order was issued late in Dec nber, a--- ---* aei

nemont-h-b-hindchedtite. The orde-? was-ivei, t, -Stand4U,1.

Metals Corporation, North Attleboro, Massachusetts, and

delivery was promised in 10 to 12 weeks.

2. Procurem~ent of Opimum Size Sp itiali e

As indicated ini the last interim -report, an order for 90 feet of

Splinaline was placed with Precision Tube Corporation, North

Wales, Pennsylvania, for delivery early in December. Due to

so me tooling problemns, delivery of the splinaline has, iot yet

been made, which has resulted in certain delays in the Airtron,

development program plotted on the last Milestone/Cost Plan.

Every effort is being made to expedite delivery of this material.

3Coaxial -to -ALB- 134 Transition Design

The development of the new right angle transition was completed

during the last period. However, it was determ ined at that

time that an "end fire" version would also be needed at the top

Page 5

Airtron, a division of Litton Industries



-: DETAIL FACTUAL DATA

3. Coaxial-to-ALS-134 Transition, Design (cont.)

of the mast for connection to an antenna. Design work on this

version was done using two approaches. The first approach

utilized an abrupt 90o turn with a builtain broad band stub. This

--appiroach-wa e t ri-ed--pri-r- -ily beeau-se- -o--A it-c-~ne--

However, the resulting VSWR over the high frequency band was

as high as 2:1, and therefore, this approach was dropped.

Although the use of a radius type coaxial bend is less cormpact,

it was felt that its relatively low VSWR would make its use

worthwhile. Therefore, the second approach consists of a

1" radius bend attached to the right angle version of the adapter

to yield the "end fire" configuration. This bend is presently

being fabricated in the Shop.

Figure I in the Supplementary Data shows a plot of VSWR

versus Frequency with the right angle ALB-134 adaptor

connected in series with the high band pressure seal mockup

described in the last report. This arrangement will be used in

the actual installation, and as shown, the composite VSWR does

not exceed 1. 4.
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D DETAIL FACTUAL DATA

4. Pressure Window De sIgn

The high band 50 ohm pressure seal mockup described in, the last

report was assem~bled and tested during this period, The physical

dimensions of the unit are as shown in the sketches appended to

the last report. Using Type "N" c-onnectors, the VSWR obtained

over the high frequency band is plotted in Figure 2. It is

interesting to note that the maximum VSWR is 1. 4 with or without

the ALB-i34 transition in series, (as plotted in Figure 1)i Of

course, the shape of the two curves differ, but the maxima are

approximately the same.

it was also indicated in the last report that the small, 50 ohm,

high band seal would be used for the low band as well. Before

being committed to this approach, a larger 70 ohm version of

the pressure seal was fabricated using the same taper function

for use over the low band. The results obtained with this version

and the 50 ohm high band version over the 2. 0 to 5. 0 Gc/s frequency

band are plotted in Figure 3. Surprisingly enough, the high band

sea! yielded a slightly better VSWR (1, 36 maximum) than it did

over the high band, The 70 ohm low band design performed

considerably better, which was to be expected due to size
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DETAIL FACTUAL DATA

4. Pressure Window Des i-gn (coant.)

considerations. Its maxitum VSWR was only 1. 20.

Since the high band sea! performed so well over the low frequency

band, it appears that its use for both batnds is feasible and

definitely advantageous from a siIplicity and stocking point of

view. Therefore, it is felt that this is the best choice.

Some pielimn-inary insertion loss m easurernents were imade on

both pressure seal mrockups. Their measurements are considered

preliminary because the dielectric in the mockups is Stycast

and not the low loss glass to be used in the final versions. In

any case, the relatively high insertion loss figures seem to

indicate that the Kovar center conductor (drill rod in the mockups)

may present a problem. This area will be investigated fully during

the next period, and appropriate action taken.

5. Change in Scope in Movable Mast

In the last report, it was stated that a decision was made to confine

the development approach on the movable mast to a two position

mast utilizing switches and a four foot spacing between the two

positions. The developmental effort, therefore, was directed
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DETAI FACTUAL DATA

5. Change iin Scop e in Movable Mast (cant.)

along~ these lines until a telegram, was received from~ BuShips-

on December15, 1962 that instructed Airtron to abandon this

approach and change to a continuously operating mast, operable

_________________________v-er a rangz-enf -6 feetL-in eleiv-tio----

This decision obsoleted somne of the work that had been done up

to this tim~e, but not a great amount. The mosQt significant

c hange in the program was the elimination of the developmen~t

adfabrication of the two coaxial switches which were to connect

the two mnast positions to the tuner. Fortunately d4eomna

work on the switches had begun on December 1, and consequently,

only two weeks of effort was lost in this area.

Some useable design information resulted from the two position

mast effort during the period before the change in scope. During

this last period, a mechanical engineer was assigned full tim~e

to the task of studying the coupling mechanism problems and

comring up with the necessary preliminary design approaches.

One of the m ost difficult problems relating tQ the coupling plate 1
assembly is the "make and break" connection between the coaxial
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DETAIL FACTUAL DATA

5. change in Scope in -Movable Mast (cont.)

lines com~ing oit of the mast to the Coaxial 'lines in the platei

Most of the preliminary design effort during this last period

was applied to this problem, and the change in scope did not

a;fen this seriously.

fZssentially, the connections between the coaxial lines at the

coupling plate are made by spring loaded center conductors on

the coupling plate side which mate with the center conductors

coming through the mast. The coaxial lines on both sides

are solid dielectric filled to piovide the necessary mechanical

support and rigidity. This type of connection should be

practically lossless since most of the current in a Coaxial line

is carried on the surfaces of the center conductor. Careful

attention has been paid to simplicity of design, as well as ease

of installation and replacement. As indicated, this design work

i-s only in the preliminary stages and drawings, etc. are not yet

available.

A theoretical insertion loss evaluation of various approaches to

the movable mast problem was made in the last report. The
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DETAIL FACTUAL DATA

5. Change in Scope. in Movable Mast (conti)

losses tabulated covered only the attenuation added to the basic

line contained within the mast itself, In other words, these

loss figures represented the theoretical attenuation from the

coupling plate connections to the tuner. The present continuously

operating mast condition was covered in Section 3. b, of the Detail

Factual Data for a four foot operating range. The losses for the

four foot scheme were 2.0 db at 10. 0 Go/s, and 0. 5 db at 2. 0 e/s.

This analysis assumed that a fixed point halfway between the two

extremes of the coupling position was connected to the sliding

coupling plate with 3 feet of RG-9/U flexible cable, and the tuner

was connected to the fixed point with 3 feet of low loss splinaline,

(1/2" splinaline for the high band, and the optimum splinaline for

the low band). To bring this evaluation up-to-date with the six

foot operating mast, the line lengths would have to be changed

to 4 feet of flexible cable, and 4 feet of low loss splinaline to the

tuner. The actual value of the splinaline length in a given sub-

marine installation may be more or less, depending upon location

of the tuner. Under these conditions, the attenuation loss between

the coupling plate and the tuner becomes 2. 32 db at 10. 0 Gc/s
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DETAIL FACTUAL DATA

5. Change in Scorpe in Movable Mast (cont.)

and 0. 64 db at 2i 0 Gc/s. The increase in loss due to the extra

Splinaline is almost negligible. it is the RG-9/tU cable which

contributes most of the loss, (0. 14 db/ft. at 2. 0O/s and 0. 44

db/ft. at 10. 0 Gc/s). However, the coninection be.tween the-

fixed point and the sliding coipling plate must be flexible and

rugged enough to stand the constant flexing required as the mast

iS moved up and down, It is hoped that a flexible cable can be

found for this application that is similar mechanically to RG-9/U

but with lower attenuation Characteristics. An investigation of

flexible coaxial cables for this purpose is underway.

At this point in the development, the setup to be used to accomplish

the continuously operating mast requested, is visualized to be

as shown in Figure 4. In this sketch, the dotted outline of the

bottom of the mast represents the lowest engaged position of the

mast, while the full detailed portion represents the uppermost

position, six feet above the lowest position. The coupling plate

assembly will ride on guide rails (not shown in sketch) over the

required six feet of travel. This arrangement will work in the

following fashion: the coupling plate, when disengaged, will
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flETAIL FACTUAL DATA

5. Change in Scope in Movable Mast (cont.)

be in the lowei position. As the mast is brought up hydraulicly

for use, the bottom nating portion of the rast will engage with

the coupling plate and lock in. The coupling plate will then

continue to travel with the mast, and it will remain locked in,

ready for use, anywhere within the six foot range of travel.

When the mast is brought down, the coupling plate will auto-

maticallv disengage a.s the mast passes the lowest operating

position, and the mast will continue down until it is fully

retracted.

The operating principles described above are quite straight

forward. However, to realize a foolproof, rugged design,

several mechanical complications must be overcome. For

instance, the guide rails have to be held in place very

accurately and must be rugged enough to retain their exact

shape under stress. The coupling plate assembly riding on

these rails must use special bajlbushings as bearing surfaces.

A mechanism must be designed to automatically engage and

disengage the coupling plate assembly, and this mechanism

must provide for holding the coupling plate assembly fixed in J7
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DETAIL FACTUAL DATA

1. i

5. Change in Scope in Movable Mast (con~t.)

plate while engagement is taking place. Shock mounts must also

be provided to take up some of the force on the coupling plate

assenbly when it bottoms as the mast is coming down. There-

fore, the design work to accomplish all thes e-

practical and simple to maintain assembly is quite extensive.

6. 'Revised Milestone /Cost Plan_-_(Revision 2)

Revision 2 of the Milestone/Cost Plan is appended to this report.

Fairly extensive changes have been made in this plan to reflect

the change in scope discussed above. The changes are summarized

below:

A. The milestone covering the coaxial switch design and

fabrication has been eliminated.

B. The milestones covering the two position mast have been

revised and expanded into more phases due to the

additional work involved.

C. The length of the program has been changed from 12 months

to 15 months to reflect the additional time required to
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DETAIL FACTUAL DATA

6. Revised Mile stone/C ost Plan (Revision 2) -cont.

C. accomplish the extra work and to account for the delay in

delivery of the Ordered transmission lines, Originally,

the program was scheduled for 18 months,, but this

was moved back to 12 months. Now it appears that a

15 month program is the realistic choice.

D. The contract price has been revised on the plan to agree

with the requested additional funds required to cover

the change of scope in the movable mast.
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CONCL USIONS

The ALB-i34 ridge waveguide or-dered from Standard Metals is scheduled

for delivery at the end of March, 1963. This delivery date, if met, will allow

a period of one month before fabrication of the necessary line sections begins

according to the Milestone schedule.

The Splinaline on order from Precision Tube Corporation is overdue on

delivery, and this fact has resulted in some delays in designing connectors

and transitions, Therefore, this situation hag contribtuted to the need for an

extension of the contract completion from June to September.

To come up with a compact end-fire transition from ALB-134-to-Type N,

a short stub right angle turn was tried. However, this approach yielded a

mismatch higher than that desired. Therefore, to effect this right angle

turn, a 1" radius 900 coaxial bend will be attached to the right angle

ALB-134 adaptor.

The evaluation of the high and low band pressure window mock-ups

showed that it is feasible to use the small high band version over both the

2. 0 to 5.0 Gc/s and 5.0 to 10.75 Gc/s frequency bands. This approach

will smplify the overall assembly and result in a lower production cost.
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CONCLUSIONS (cont.)

It appears that the insertion loss of a Kovar center conductor in the window

is -considerably higher than can be tolerated. Therefore, a full investigation

into this problem and its solution is presently underway,

The BuShips request to change the two position mast approach to a

continuously operating setup has necessitated a complete revision of the

Milestone/Cost Plan and the schedule for completion of the contract. This

change has resulted in a more versatile mast positioning schemie, but it

has complicated the mechanical design nf the movable mast, with the

result that more mechanical design effort and time is required to accomplish

the desired arrangement.
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PROGRAM ]FOR NEXT INTERVAL

The new Milestone/Cost Plan outlines the schedule for the work to be

acconplished during the next period. A brief summary appears below:

A. Complete the design and fabrication of the end-fire version

of the ALB 1 34-to-coaxial adaptor.

B, Cornplete the preliminary rmechanical and electrical design

of the coupling plate and rail assem~bly for the Movable

nast, and breadboard this designi When breadboarding

is Complete, finalizing the design and life testing will be

started4

C. Complete the design of the pressure windows.

D. Design the necessary 50 ohm Type "N" to 70 ohm Splinaline

transitions for use in coupling to the tuner.

in addition, the ALB-134 ridge waveguide on order should be delivered

late in March. The Splinaline on order, which is overdue, should also

be delivered during this period, and every effort will be made to expedite

this for earliest possible delivery, Also, every effort will be made to

locate a low loss flexible cable for the flexible line connection between the

coupling plate assembly and the transitions to the 70 ohm Splinaline to

the tuner.
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SUPPLEMENTARY DATA

Appended to this report are the following:-

1. FIGURE 1: VSWR vs. Frequency ALB-134 Transition and

High Band Pressure Seal Mock-Up.

2. FIGURE 2: VSWR vs. Frequency -High Band Pressure Seal

Mock -Up.

3. FIGURE 3: VSWR vs. Frequency -High and Low Band

Pressure Seal Mock-Ups over the Low Frequency

Band.

4. FIGURE 4: Sketch of Continuously Operating Mast Setup.

5. Milestone/Cost Plan (Revision 2)
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